TITLE OF THE INVENTION 

PROJECTOR AND METHOD OF CORRECTING IMAGE 
DISTORTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[000 1] The present invention relates to a technique of enhancing 
operatability for correcting image distortion occurring in a projector, 
especially in the case of off-axis projection. 

2. Description of the Related Art 

[0002] Fig. 8 shows an exemplified configuration for projecting an image 
onto a screen SCR from a projector PJ. The projector PJ is generally placed 
at a position vertically deviated from a center axis CL of the screen SCR to 
project an image on the screen SCR. In the example of Fig. 8, the projector 
PJ is located at a position deviated downward from the center axis CL 
(shown by the one-dot chain line) of the screen SCR. The process locating 
the projector-PJ at a position deviated- from the-center axis CL of the screen- 
SCR and projecting an image is referred to as 'off-axis projection 1 . 
[0003] Fig. 9 shows images projected on the screen SCR by off*axis 
projection. Each dotted rectangle represents the contour of a 
distortion-free image. Each hatched figure represents an off- axis projected 
image. In the case of off-axis projection upward or downward (in the 
vertical direction), a resulting image displayed on the screen SCR has an 
image distortion of a trapezoidal shape having different lengths of the top 
side and the bottom side (hereinafter may be referred to as the 'image 



distortion in the vertical direction'). Fig. 9A shows a distorted image VP in 
the case of upward off-axis projection. An image of the upside-down shape 
is displayed in the case of downward off-axis projection. 

[0004] The projector PJ generally has a correction circuit for correcting 
5 such an image distortion in the vertical direction. The user operates a 
one-dimensional input unit KSV provided on a remote control RC, for 
example, a volume button consisting of a ! + ! button and a button to set 
the value of a vertical correction parameter, while checking the distorted 
f85% image VP displayed on the screen SCR. The correction circuit corrects the 

% 10 image distortion in the vertical direction according to the preset value of the 
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m vertical correction parameter. 

[0005] The off-axis projection of an image from the projector PJ is not 
restricted to the off- axis projection upward or downward (in the vertical 
direction) relative to the center axis CL of the screen SCR. In other cases, 
15 the projector PJ may be located at a position deviated leftward or rightward 
from the center axis CL of the screen SCR to off-axis project the image 
leftward or rightward (in the horizontal direction). In the case of off-axis 
projection iriT the horizontal "directionr a resulting image displayed on- the- 
screen SCR has an image distortion of a lateral trapezoidal shape having 
20 different lengths of the left side and the right side (hereinafter may be 
referred to as the 'image distortion in the horizontal direction 1 ). Fig. 9B 
shows a distorted image HP in the case of rightward off-axis projection. An 
image of the left side-right shape is displayed in the case of leftward off-axis 
projection. 

25 [0006] In the same manner as the correction circuit for correcting the 
image distortion in the vertical direction, a correction circuit for correcting 
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the image distortion in the horizontal direction is provided independently to 
correct the image distortion in the horizontal direction. Like the correction 
circuit for correcting the image distortion in the vertical direction, the 
correction circuit for correcting the image distortion in the horizontal 
direction corrects the image distortion in the horizontal direction with a 
horizontal correction parameter, which is set through a user's operation of 
the one -dimensional input unit KSV while the user checks the distorted 
image HP displayed on the screen SCR. 

[0007] The one-dimensional input unit KSV is generally switched over 
between the correction in the vertical direction and the correction in the 
horizontal direction. 

[0008] In the case of off-axis projection in both the vertical direction and 
the horizontal direction, a resulting image displayed on the screen SCR has 
a composite distortion of the image distortion in the vertical direction and 
the image distortion in the horizontal direction, that is, a tetragonal 
distorted image VHP having non-parallel four sides as shown in Fig. 9C. 
Correction of such a composite distortion is attained by first correcting the 
image distortion in either of "the "horizontal" direction^ and^the vertical^ 
direction and subsequently correcting the image distortion in the residual 
direction. For example, the composite distorted image VHP shown in Fig. 
9C is subjected to the correction of the image distortion in the horizontal 
direction to give the distorted image VP shown in Fig. 9A, and is 
subsequently subjected to the correction of the image distortion in the 
vertical direction. The composite distorted image VHP may alternatively 
be subjected to the correction of the image distortion in the vertical direction 
to give the distorted image HP shown in Fig. 9B, and be subsequently 



subjected to the correction of the image distortion in the horizontal 
direction. 

[0009] In some cases, after the successive correction of the image 
distortion in either of the vertical direction and the horizontal direction as 
the first direction and in the residual direction as the second direction, the 
user may desire re-correction of the image distortion in the first direction. 
In such cases, in order to complete correction of the composite distortion of 
the image distortion in the vertical direction and the image distortion in the 
horizontal direction, it is required to iteratively carry out correction of the 
image distortion in the vertical direction and correction of the image 
distortion in the horizontal direction. The repeated correction of the image 
distortion in the vertical direction and in the horizontal direction 
disadvantageously leads to poor operatability. 

SUMMARY OF THE INVENTION 

[0010] The object of the present invention is thus to provide a technique 
that enhances operatability in the process of correcting an image distortion 
due to ~bff-~axis projection— of an image in a -horizontal -direction and- in- a- 
vertical direction onto a screen. 

[0011] At least part of the above and the other related objects is attained 
by a first application of the present invention, which is a projector that is 
capable of correcting an image distortion due to off-axis projection of an 
image in a horizontal direction and in a vertical direction onto a screen. 
The projector includes : an image distortion adjustment module that adjusts 
a display video signal, which represents an image to be projected by the 
projector, according to values of a horizontal correction parameter used for 



correcting an image distortion in the horizontal direction and a vertical 
correction parameter used for correcting an image distortion in the vertical 
direction, so as to correct an image distortion arising in at least one of the 
horizontal direction and the vertical direction; a two-dimensional input unit 
that outputs a two-dimensional operation signal, which is mapped to the 
horizontal correction parameter and to the vertical correction parameter, in 
response to a user's operation; and a parameter setting module that sets the 
values of the horizontal correction parameter and the vertical correction 
parameter in the image distortion adjustment module in response to the 
two-dimensional operation signal. 

[0012] In response to a user's operation, the two-dimensional input unit 
outputs the two-dimensional operation signal mapped to the horizontal 
correction parameter used for correcting the image distortion in the 
horizontal direction and to the vertical correction parameter used for 
correcting the image distortion in the vertical direction. The values of the 
horizontal correction parameter and the vertical correction parameter are 
specified according to the two-dimensional operation signal and are used to 
adjust the" display" image'signal; which represents an image to be projected- 
by the projector. This arrangement effectively enhances operatability in 
the process of correcting the image distortion due to off-axis projection of the 
image in the horizontal direction and in the vertical direction onto the 
screen. 

[0013] It is preferable that the parameter setting module varies the 
values of the horizontal correction parameter and the vertical correction 
parameter according to a duration of the two-dimensional operation signal 
output from the two-dimensional input unit. 
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[0014] This arrangement increases the values of the horizontal 

correction parameter and the vertical correction parameter, for example, 
when the user continues an identical operation of the two-dimensional input 
unit to continuously output the two-dimensional operation signal. This 
5 desirably shortens the processing time required for correction, thus 
effectively enhancing operatability in the process of correcting the image 
distortion due to off-axis projection of the image in the horizontal direction 
and in the vertical direction onto the screen. 

[0015] In accordance with one preferable embodiment, the projector 
2 10 further includes a distortion correction window generation module that 
simultaneously displays an indicator representing a quantity of adjustment 
of the image distortion in the horizontal direction and an indicator 
^ representing a quantity of adjustment of the image distortion in the vertical 

direction, which depend upon the horizontal correction parameter and the 
15 vertical correction parameter set in response to the two-dimensional 
operation signal. 

[0016] In response to a user's instruction to correct the image distortion 
and 1st art the function: of image "distortion correction^ this- arrangement- 
enables a composite distortion of the image distortion in the vertical 
20 direction and the image distortion in the horizontal direction to be corrected 
simultaneously, while the user checks the quantity of correction of the image 
distortion in the vertical direction and the quantity of correction of the 
image distortion in the horizontal direction shown in the same window. 
This arrangement thus ensures good operatability. 
25 [0017] A second application of the present invention is another projector 
that is capable of correcting an image distortion due to off-axis projection of 
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an image in a horizontal direction and in a vertical direction onto a screen. 
The projector includes^ a projection unit that projects an image; a menu 
window generation module that displays a menu option window in response 
to a user's instruction; a selection setting module that selects a desired 
menu on the displayed menu option window in response to a user's 
instruction; a distortion correction window generation module that 
simultaneously displays an indicator representing a quantity of correction of 
an image distortion in the horizontal direction and an indicator representing 
a quantity of correction of an image distortion in the vertical direction, when 
an image distortion correction process is selected on the displayed menu 
option window and starts; an image distortion adjustment module that 
corrects an image distortion with user's settings on the quantity of 
correction of the image distortion in the horizontal direction and the 
quantity of correction of the image distortion in the vertical direction; and 
an image distortion correction termination module that terminates the 
image distortion correction process in response to a user's instruction. 
[0018] In the projector given as the second application of the present 
lifvention~the image distortion -correction process -is -activated -by- simply 
selecting the corresponding menu on the menu option window. When the 
image distortion correction process is selected, the indicator representing 
the quantity of correction of the image distortion in the horizontal direction 
and the indicator representing the quantity of correction of the image 
distortion in the vertical direction are displayed simultaneously on the same 
window. This arrangement enables a composite distortion of the image 
distortion in the vertical direction and the image distortion in the horizontal 
direction to be corrected simultaneously, while the user checks the quantity 



of correction of the image distortion in the vertical direction and the 
quantity of correction of the image distortion in the horizontal direction 
shown in the same window. The projector given as the second application 
of the present invention accordingly has good operatability in the process of 
correction of the image distortion. 

[0019] A third application of the present invention is a method of 
correcting an image distortion in a projector through a user's operation of a 
two-dimensional input unit, where the image distortion occurs in off-axis 
projection of an image in a horizontal direction and in a vertical direction 
from the projector onto a screen. The method includes the steps of- 
specifying values of a horizontal correction parameter used for correction of 
an image distortion in the horizontal direction and a vertical correction 
parameter used for correction of an image distortion in the vertical direction, 
in response to a two-dimensional operation signal output from the 
two-dimensional input unit; and adjusting a display video signal, which 
represents an image to be projected by the projector, according to the 
specified values of the horizontal correction parameter and the vertical 

correction "parameter. 

[0020] A fourth application of the present invention is a method of 
correcting an image distortion in a projector due to off- axis projection of an 
image in a horizontal direction and in a vertical direction onto a screen. 
The method includes the steps of' displaying a menu option window in 
response to a user's instruction; simultaneously displaying an indicator 
representing a quantity of correction of an image distortion in the horizontal 
direction and an indicator representing a quantity of correction of an image 
distortion in the vertical direction, when an image distortion correction 
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process is selected on the displayed menu option window in response to a 
user's instruction and starts; correcting an image distortion with user's 
settings on the quantity of correction of the image distortion in the 
horizontal direction and the quantity of correction of the image distortion in 
the vertical direction; and terminating the image distortion correction 
process in response to a user's instruction. 

[0021] The methods of correcting the image distortion in the projector 
given as the third and the fourth applications of the present invention 
effectively enhance operatability in the process of correcting the image 
distortion due to off-axis projection of the image in the horizontal direction 
and in the vertical direction onto the screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a block diagram illustrating the general structure of a 
projector in one embodiment of the present invention; 

Fig. 2 is an enlarged view illustrating part of a remote control of the 
projector; 

Fig. 3 illustrates "a menu window; " ~ — 

Fig. 4 illustrates an image distortion correction window; 

Fig. 5 is a flowchart showing an image distortion correction routine; 

Fig. 6 is a flowchart showing the details of the process of setting the 
correction parameters at step S140 in the flowchart of Fig. 5; 

Fig. 7 schematically illustrates a two-dimensional operation lever 
with a lever insertion switch; 

Fig. 8 shows an exemplified configuration for projecting an image on 
a screen SCR from a projector; and 



Figs. 9A through 9C show images projected on the screen SCR by 
off-axis projection. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0023] A. General Structure of Apparatus 

One mode of carrying out the present invention is discussed below as 
a preferred embodiment. Fig. 1 is a block diagram illustrating the general 
structure of a projector 10 in one embodiment of the present invention. 
The projector 10 includes an image input terminal 20, a video signal 
conversion circuit 30, an on-screen display (OSD) circuit 40, an image 
distortion correction circuit 50, a liquid crystal panel driving circuit 60, a 
liquid crystal panel 80, a lighting unit 70, a projection optical system 90, a 
remote control interface 100, a controller 110, and a remote control 120. 
The controller 110 is constructed as a microcomputer including a CPU and 
memories (not shown), and controls the operations of the respective blocks, 
the video signal conversion circuit 30, the OSD circuit 40, the image 
distortion correction circuit 50, the lighting unit 70, and the remote control 

interface 100," via a busHObT ■— 

[0024] The video signal conversion circuit 30 exerts analog-to-digital 
conversion, decoding, synchronizing signal separation, and image processing 
functions. More concretely, the video signal conversion circuit 30 converts 
analog video signals input from the image input terminal 20 into digital 
video data, and writes the converted digital video data into a frame memory 
(not shown) included in the video signal conversion circuit 30 or reads the 
digital video data from the frame memory in synchronism with a 
synchronizing signal. Diverse series of image processing are carried out 
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in this reading or writing process. 

[0025] Typical examples of the input analog video signal include RGB 
signals output from a personal computer and composite video signals output 
from a video cassette recorder. In the case where the analog video signal is 
a composite video signal, the video signal conversion circuit 30 demodulates 
the composite video signal, separates a component video signal consisting of 
three color signal components RGB from a synchronizing signal included in 
the composite video signal, and converts the component video signal into 
digital video data. In the case where the analog video signal is an RGB 
signal output from the personal computer, on the other hand, the 
synchronizing signal separation is not required, since the RGB signal is 
input as a component video signal separately from the synchronizing signal. 
The video signal conversion circuit 30 thus simply converts the component 
video signal into digital video data. 

[0026] The video signal conversion circuit 30 also receives digital video 
data. In this case, neither the analog-to-digital conversion nor the 
synchronizing signal separation is required, since the digital video signal is 

"supplied separately from the synchronizing signal. 

[0027] The video signal conversion circuit 30 has a non-illustrated 
selection circuit to select one of multiple video signals input from the image 
input terminal 20. Selection of the video signal is implemented in response 
to a user's instruction to select a desired image through an operation of the 
remote control 120. 

[0028] The OSD circuit 40 generates menu images for correcting image 
distortion, adjusting picture quality, and setting diverse operating 
conditions and ornamental images like a pointer image and an underline 
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image (hereinafter these images may also be referred to as 'OSD images') in 
the form of OSD video signals. The OSD circuit 40 then combines any of 
the OSD video signals with the video signal output from the video signal 
conversion circuit 30. The OSD circuit 40 reads OSD data stored in a 
memory (not shown) incorporated in the OSD circuit 40 to generate the OSD 
video signal, in response to a user's instruction to display a desired OSD 
image through an operation of the remote control 120. 

[0029] In order to correct image distortion (trapezoidal distortion) 

occurring in the process of off-axis projection of an image from the projector 



hO 10 10, the image distortion correction circuit 50 adjusts the video signal output 

It} from the OSD circuit 40 and outputs the adjusted video signal representing 

W a distortion corrected image. The image distortion correction circuit 50 has 

K a horizontal image distortion correction circuit for correcting image 

3 

N : distortion due to off-axis projection in a horizontal direction (that is, image 

M 15 distortion in the horizontal direction), and a vertical image distortion 
correction circuit for correcting image distortion due to off- axis projection in 
a vertical direction (that is, image distortion in the vertical direction). The 
horizontal image distortion correction-circuit-correets the image distortion in 
the horizontal direction with a horizontal correction parameter, whereas the 
20 vertical image distortion correction circuit corrects the image distortion in 
the vertical direction with a vertical correction parameter. A variety of 
commercially available image distortion correction circuits, for example, 
PW365 (manufactured by Pixelworks Corp.), is applicable for the image 
distortion correction circuit 50. Settings of the horizontal correction 
25 parameter and the vertical correction parameter will be discussed later. 

[0030] The video signal input from the image input terminal 20 is 
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subjected to diverse series of image processing in the video signal conversion 
circuit 30, the OSD circuit 40, and the image distortion correction circuit 50 
and is output to the liquid crystal panel driving circuit 60. The liquid 
crystal panel driving circuit 60 generates a driving signal to drive the liquid 
crystal panel 80 in response to a given video signal. The liquid crystal 
panel 80 is a light valve (light modulator) that modulates light emitted from 
the lighting unit 70 according to the driving signal output from the liquid 
crystal panel driving circuit 60. 

[0031] The light modulated by the liquid crystal panel 80 is output as 
light representing an image (image light) by means of the projection optical 
system 90 towards a screen SCR. A resulting image is accordingly 
projected on the screen SCR. 

[0032] The liquid crystal panel driving circuit 60 and the liquid crystal 
panel 80 correspond to the image formation module of the present invention. 
The video signal conversion circuit 30, the OSD circuit 40, and the image 
distortion correction circuit 50 correspond to the image processing module of 
the present invention. The liquid crystal panel driving circuit 60 may be 
include ^d iiTtlre^image processfng module, instead of in the image formation- 
module. 

[0033] Although not being specifically illustrated, the liquid crystal 
panel 80 consists of three liquid crystal panel elements, which respectively 
correspond to the three color components R, G, and B. The video signal 
conversion circuit 30, the OSD circuit 40, the image distortion correction 
circuit 50, and the liquid crystal panel driving circuit 60 accordingly have 
the function of processing video signals of the three color components R, G, 
and B. The lighting unit 70 has a color light separation optical system that 
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separates light emitted from a light source into rays of the three color 
components. The projection optical system 90 has a composite optical 
system that combines the rays of the three color components to generate the 
image light representing a resulting color image. The structure of the 
optical system in the projector is discussed in detail, for example, in 
JAPANESE PATENT LAID-OPEN GAZETTE No. 10-171045 disclosed by 
the applicant of the present invention, and is not specifically described here. 
[0034] The user operates the remote control 120 to implement various 
inputs. The signal output from the remote control 120 is input into the 
controller 110 via the remote control interface 100 to be subjected to a 
corresponding series of processing. 

[0035] B. Image Distortion Correction 

Fig. 2 is an enlarged view illustrating part of the remote control 120. 
The remote control 120 has a two-dimensional operation button 122, an 
escape button (Esc) 124, and a menu button (Menu) 126. The 
two-dimensional operation button 122 includes an up button UB, a down 
Futtoh DB; a left" button LB7 anda right button^RBrwhich- are-arranged in- 
cross. The two-dimensional operation button 122 outputs a 
two-dimensional operation signal, that is, a first operation signal 
corresponding to the up button UB and the down button DB and a second 
operation signal corresponding to the left button LB and the right button 
RB. The first operation signal is mapped to the vertical correction 
parameter used for correcting the image distortion in the vertical direction. 
The second operation signal is mapped to the horizontal correction 
parameter used for correcting the image distortion in the horizontal 
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direction. 

[0036] The pressing orientation of the two-dimensional operation button 
122 is not restricted to the cross directions but includes oblique directions. 
For example, a press of the two-dimensional operation button 122 in a right 
upward direction between the up button UB and the right button RB 
corresponds to a simultaneous press of the up button UB and the right 
button RB. The press in another oblique direction exerts the similar effects. 
The values of the horizontal correction parameter and the vertical correction 
parameter can thus be changed simultaneously by the operation of the 
two-dimensional operation button 122. A press on the center of the 
two-dimensional operation button 122, that is, a simultaneous press of all 
the buttons UB, DB, LB, and RB in the cross directions, corresponds to a 
press of the enter button (Enter) EB. Namely the operation Tress the 
escape button EB' represents a simultaneous press of all the buttons UB, 
DB, LB, and RB in the cross direction. 

[0037] The user operates the two-dimensional operation button 122 to 
set the horizontal correction parameter and the vertical correction 
parameter: Tfie~ "image distortion correction circuit- 50 corrects the image- 
distortion due to off-axis projection with the preset correction parameters. 
The following describes a process of correcting image distortion. 
[0038] Fig. 3 illustrates a menu window, which is open by the OSD 
circuit 40 in response to a user's press of the menu button (Menu) 126 (see 
Fig. 2) on the remote control 120. The user operates the up button UB and 
the down button DB in the two-dimensional operation button 122 to select 
an image distortion correction menu out of enumerated menu options. The 
OSD circuit 40 opens an image distortion correction window in response to a 
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press of the enter button (Enter) EB. 

[0039] Fig. 4 illustrates an image distortion correction window. The up 
button UB and the down button DB of the two-dimensional operation button 
122 are used to correct the image distortion due to off-axis projection in the 
vertical direction. A press of the up button UB shifts the scale position on 
an indicator representing the magnitude of the vertical correction 
parameter in a direction. This increases the value of the vertical 
correction parameter and carries out correction to make the upper side of 
the image greater than the lower side. A press of the down button DB, on 
the other hand, shifts the scale position on the indicator representing the 
magnitude of the vertical correction parameter in a f - ? direction. This 
decreases the value of the vertical correction parameter and carries out 
correction to make the lower side of the image greater than the upper side. 
[0040] The left button LB and the right button RB of the 

two-dimensional operation button 122 are used to correct the image 
distortion due to off-axis projection in the horizontal direction. A press of 
the right button RB shifts the scale position on another indicator 
representing the magnitude- of the horizontal-correction parameter in a-+- - 
direction. This increases the value of the horizontal correction parameter 
and carries out correction to make the right side of the image greater than 
the left side. A press of the left button LB, on the other hand, shifts the 
scale position on the indicator representing the magnitude of the horizontal 
correction parameter in a direction. This decreases the value of the 
horizontal correction parameter and carries out correction to make the left 
side ofthe image greater than the right side. 

[0041] As mentioned above, the values of the horizontal correction 
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parameter and the vertical correction parameter can be adjusted 
simultaneously by pressing the two-dimensional operation button 122 in an 
oblique direction 

[0042] Fig. 5 is a flowchart showing an image distortion correction 
routine. When the image distortion correction window shown in Fig. 4 is 
open and the program enters the image distortion correction routine, 
current settings of a vertical correction parameter 0v and a horizontal 
correction parameter 6h are stored as initial values 6vi and 6hi at step S110. 
The program stands by until a user's operation of the two-dimensional 
operation button 122 at step S120. In response to any operation of the 
two-dimensional operation button 122, the program determines whether or 
not the operation is a correction operation by pressing at least one of the up 
button UB, the down button DB, the left button LB, and the right button RB 
at step S130. In the case of a correction operation, the controller 110 sets 
the values of the vertical correction parameter 6v and the horizontal 
correction parameter 0h at step S140. 

[0043] Fig. 6 is a flowchart showing the details of the process of setting 
the correction para"meters at~step"S140 in the flowchart of Fig; 5.~ "When the 
user presses the two-dimensional operation button 122, a corresponding 
two-dimensional operation signal is output from the remote control 120. 
The two-dimensional operation signal output from the remote control 120 is 
input into the controller 110 via the remote control interface 100. The 
controller 110 detects operating quantities for correction A9v and A6h in the 
vertical direction and in the horizontal direction corresponding to the input 
two-dimensional operation signal at step S142. At subsequent step S144, 
the controller 110 measures a continuous operation time, when the 




two-dimensional operation button 122 is continuously being pressed, and 
sets rates of change kv and kh in the vertical direction and in the horizontal 
direction. The controller 110 then calculates a current vertical correction 
parameter 0v(T) and a current horizontal correction parameter 9h(T) 
according to equations given below and sets the calculated correction 
parameters in the image distortion correction circuit 50 at step S146- 



[0044] Here T denotes an operation cycle, and Ov(T-l) and 9h(T-l) 
denote correction parameters in a previous cycle. 

[0045] Referring back to the flowchart of Fig. 5, when it is determined at 
step SI 30 that the operation is not a correction operation, the program 
determines at step S150 whether or not the escape button 124 is pressed to 
reset the correction parameters to the respective initial values, that is, the 
values prior to the start of the image distortion correction. In the case of 
an affirmative answer at step S150, the initial values 6vi and 6hi are set to 
the correction parameters 6v and 9h at step S160. 

[0046] After setting the corfectibnTp^ameters 9v and 9h~at either step — 
S140 or step SI 60, the image distortion correction circuit 50 actually 
corrects the image distortion in the vertical direction and in the horizontal 
direction with the preset vertical correction parameter 9v and horizontal 
correction parameter 9h at step S170. 

[0047] The program then goes back to step S120 to stand by until 
another operation of the two-dimensional operation button 122. The 
processing of steps S120 to S170 is iteratively executed until the enter 
button EB is pressed. This series of processing corrects the image 



0v(T) = Ov(T-l) + kv-A9v 



(la) 



9h(T) = 9h(T-l) + kh-A9h 



(lb) 
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distortion due to off- axis projection in the vertical direction and in the 
horizontal direction. 

[0048] At step S180, it is determined whether or not the image distortion 
correction function is to be terminated. The image distortion correction 
function is terminated in response to a press of the enter button EB at step 
S180. 

[0049] As described above, the technique of the embodiment utilizes the 
two-dimensional operation button 122 for correction of the image distortion. 
A press of the two-dimensional operation button 122 in an oblique direction 
outputs the two-dimensional operation signal, which is mapped to the 
vertical correction parameter used for correcting the image distortion in the 
vertical direction and to the horizontal correction parameter used for 
correcting the image distortion in the horizontal direction. This 
arrangement thus enables the correction of the image distortion in the 
vertical direction and the correction of the image distortion in the horizontal 
direction to be carried out simultaneously. This technique does not require 
the alternate iteration of the correction in the vertical direction and the 
eorrection-in the horizontal-directiony-which is -carried out-in the prior-art- 
procedure, thus desirably enhancing the operatability in the process of 
correcting the image distortion. 

[0050] As clearly understood from the above description, the OSD circuit 
40 corresponds to the distortion correction window generation module and 
the menu window generation module of the present invention. The 
controller 110 corresponds to the selection setting module, the parameter 
setting module, and the image distortion correction termination module of 
the present invention. The image distortion correction circuit 50 
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corresponds to the image distortion adjustment module of the present 
invention. 

[0051] Setting the rates of change kv and kh according to the continuous 
operation time of the two-dimensional operation button 122 results in 
5 varying the values of the correction parameters 9v and 9h as clearly 
understood from Equations (la) and (lb) given above. Increasing the rates 
of change kv and kh according to the continuous operation time thus 
shortens the operation time required for correcting the image distortion. 
The rates of change kv and kh may alternatively be fixed, irrespective of the 

3 

W 10 continuous operation time. 

s 

[0052] In the above embodiment, the two-dimensional operation button 
122 is used as the two-dimensional input unit of the present invention. 
The two-dimensional input unit is, however, not restricted to the 
two-dimensional operation button 122. In this embodiment, a press of the 
15 center of the two-dimensional operation button 122 exerts the function of 
the enter button EB. Another two-dimensional operation button or a 
two-dimensional operation lever without this function may be used for the 
two T dimerisibnal operation button 122. In this case,~it"isllesirable that the - 
enter button EB is separately provided. Another applicable example is a 
20 two-dimensional operation lever with a lever insertion switch. Fig. 7 
schematically illustrates a two-dimensional operation lever 122A with a 
lever insertion switch. The two-dimensional operation lever 122A with the 
lever insertion switch outputs a two-dimensional operation signal in 
response to inclination of an operation lever 128 up, down, left, right, or in 
25 any oblique direction. The operation lever 128 has the lever insertion 
switch, which corresponds to the enter button EB of the two-dimensional 
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operation button 122. A press- down action (that is, insertion) of the 
operation lever 128 corresponds to the press of the enter button EB. 
Namely any two-dimensional input unit is usable as long as it can output a 
two-dimensional operation signal mapped to the vertical correction 
parameter and to the horizontal correction parameter. 

[0053] In the above embodiment, the remote control 120 is provided with 
the two-dimensional input unit. The projector main body, instead of the 
remote control, may alternatively be provided with the two-dimensional 
input unit. 

[0054] The present invention is not restricted to the above embodiment, 
but there may be many modifications, changes, and alterations without 
departing from the scope or spirit of the main characteristics of the present 
invention. 

The scope and spirit of the present invention are indicated by the 
appended claims, rather than by the foregoing description. 
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